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Abstract 


Oyster sauce is a popular condiment in Southeast Asian countries. In this study, significant differences in taurine, free amino 
acids and 5’-nucleotides in oyster sauce from China were observed. The higher level of taurine (550.18 mg/100g) was 
observed in homemade oyster sauce and the lowest amount (7.02 mg/100g) was detected in sample 3. Glutamic acid was a 
predominant free amino acid in sauce samples. The highest amount (14.75 mg/100g) of total free amino acids was observed 
in sample 4 and the lowest amount (288.01 mg/100g) was found in sample 10. Majority of the essential amino acids were 
observed in sample 18. Sample 4 exhibit the highest amount of total 5’-nucleotides (381.16 mg/100g). Whereas, 5’- 
nucleotides and Taurine were not detected in sample 10. The finding of present study revealed that some of the samples 
found to be consistent with the claim of being prepared by traditional processing method and sample 10 was prepared by 
using additives instead of oyster extracts. 

Keywords: Oyster sauce; taurine; free amino acids; 5'-nucleotides. 

Abbreviations: 5’GMP: 5’-guanosine monophosphate, 5’-IMP: 5’-inosine monophosphate, 5'-AMP: 5'-adenosine 


monophosphate, Hx: hypoxanthine, PITC: Triethylamine and phenylisothiocyanate, EUC: monosodium glutamate 
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1. Introduction 

Oyster sauce is a popular condiment used in China, Thailand 
and Philippines as a flavoring agent in several dishes. 
Traditionally, oyster sauce is prepared by boiling fresh 
oysters and addition of soy sauce, salt and certain spices. 
Oyster sauce is cherished for its unique umami flavor, 
caramel color and viscous texture [1]. Later, it was 
industrially produced by employing fermentation that 
converts oysters’ protein into amino acids by the action of 


protease [2]. Nowadays, commercial oyster sauces are 
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produced from oyster extract with brine, flavor enhancers, 
caramel coloring and chemical preservatives [1]. 

Oyster, as a raw material, contributes towards the unique 
flavor and high nutritional values of oyster sauces. Oysters 
are a rich source of protein, free amino acids, nucleotides, 
vitamins and certain minerals [2,3,4]. The free amino acids 
present in oyster sauce reported to exhibit antimutagenic, 
anti-obesity and antioxidant activity [5]. Taurine is a beta- 
sulfonic amino acid present in oyster sauces and mainly 


concentrated in brain, heart, retina and muscles. Taurine is 


Journal of Nutrition and Nutritional Therapy 


associated with several crucial activities such as 
osmoregulation, neuro-regulation, antioxidation and anti- 
inflammatory [6,7]. Nucleotides are the important biological 
compounds that plays a significant role in metabolism at the 
cellular level. These compounds are mainly come from 
dietary sources and also produced in human liver [8]. 

The free amino acids and 5’-nucleotides are reported as taste 
compounds in the oyster sauce [1,2,9]. It was also mentioned 
that the taste receptors in mouth can only be stimulated by the 
smaller components, especially free amino acids and free 
nucleotides, rather than the proteins and nucleic acids [10]. 
The free amino acids can be divided into umami amino acids, 
bitter amino acids and sweet amino acids based on the taste 
characteristics [11]. It is also reported that the nucleotides, 
especially 5’-guanosine monophosphate (5'-GMP) and 5’- 
inosine monophosphate (5'-IMP) contribute towards the 
umami taste, while 5'-adenosine monophosphate (5’-AMP) 
responsible for the sweet taste and hypoxanthine (Hx) 
influence the bitterness of product [10-12]. The enhanced 
umami taste of oyster sauce is attributed to the synergy 
between the available free amino acids and nucleotides in the 
sauce [11]. 

Previously, researchers have analyzed the contaminants, 
sensory characteristics, chemicals and physical properties of 
oyster sauces from Korea, Vietnam and Thailand [1,13,14]. 
However, studies related to the oyster sauce products from 
China are limited. 

It was observed different processing techniques employed to 
produce oyster sauces lead to variations in its sensory 
properties such as the commercial oyster sauce is darker, 
exhibit less fishy smell and thicker in texture compared to 
homemade oyster sauce. Thus, the present study is carried out 
to identify and quantify the nutrients and non-volatile flavor 
compounds including free amino acids, taurine and 5’- 
nucleotides in commercial and homemade oyster sauces from 
China. The findings of this study will provide reference data 
for consumers for the selection of better-quality oyster sauces 
and help the manufactures to provide quality products in the 


market. 


Eighteen different types of oyster sauce samples including 





2. Materials and methods 


2.1. Oyster sauce products 


commercial and one homemade product were collected 
online and from local market of Zhuhai, Guangdong, China. 
The detailed information regarding the samples is shown in 
Table 1. The sample number 14 is a homemade oyster sauce. 
Whereas, the sample number 12, 13, 15 and 16 were prepared 
by traditional method, in which oyster juice or oyster broth 
was condensed to form oyster sauce. 

2.2. Chemicals and reagents 

Dansyl chloride, methylamine hydrochloride, taurine 
standard and nucleotide standards (5'-AMP and Hx) were 
procured from Shanghai Yuanye Biological Technology Co., 
Ltd. (Shanghai, China). Triethylamine and 
phenylisothiocyanate (PITC) were purchased from Shanghai 
Macklin Biochemical Co., Ltd. (Shanghai, China). The mixed 
amino acids standard was obtained from Tianjin Bonna - 
Agela Technologies Co., Ltd. (Tianjin, China). Whereas, the 
potassium dihydrogen phosphate, potassium ferrocyanide, 
zinc acetate, sodium carbonate and sodium acetate were 
procured from Nuoke Technology Development Co., Ltd. 
(Tianjin, China). Acetonitrile (HPLC grade) and methanol 
(HPLC grade) were purchased from Merck KGaA 
(Darmstadt, Germany). 

2.3. HPLC analysis of taurine 

2.3.1. Extraction and derivation of taurine 

The taurine content of the oyster sauce samples was 
determined according to the national standard method [15]. 
Briefly, 0.5 g of sample was dissolved in 20 mL of deionized 
water followed by the addition of 1 mL potassium 
ferrocyanide solution (0.15 g/mL) and 1 mL zinc acetate 
solution (0.3 g/mL). This mixture was vortexed and diluted to 
50 mL with deionized water followed by centrifugation at 
10000 rpm for 5 min. Afterwards, 1 mL supernatant was 
derivatize with 1 mL sodium carbonate buffer solution (80 
mmol/L, pH 9.5) and 1 mL dansyl chloride-acetonitrile 
solution (1.5 mg/mL). This mixture was kept in the dark for 
2 h at room temperature followed by the addition of 0.1 mL 
methylamine hydrochloride solution (20 mg/mL). After 
complete precipitation, the resultant solution was filtered 


through 0.45 um nylon syringe filter for HPLC analysis. The 
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derivation of 


standard 


solutions was carried out 


simultaneously with the samples. 


Table 1. Information of oyster sauce products * 






























































Code | Retail Price Ingredients Moisture 

(%) 

1 ¥37.9/510g Oyster juice (oyster, water, salt), sugar, salt, sodium glutamate, wheat flour, caramel, hydroxypropyl 315 

distarch phosphate. 
2 ¥11.9/510g Oyster juice (oyster, water, salt), sugar, salt, sodium glutamate, wheat flour, caramel, hydroxypropyl 55.1 
distarch phosphate. 
3 ¥5.9/ 510g Oyster juice (oyster, water, salt), sugar, salt, sodium glutamate, wheat flour, caramel, hydroxypropyl 72.9 
distarch phosphate, soy sauce, citric acid, stevioside. 

¥10.5/510g Oyster juice (oyster, water, salt), disodium 5'-ribonucleotide, yeast extract, citric acid 49.9 
¥9.8/510g | Oyster juice (oyster, water, salt), disodium 5'-ribonucleotide, citric acid, potassium sorbate, xanthan gum. 66.7 

¥8.8/ 510g Oyster juice (oyster, water, salt), disodium 5'-ribonucleotide, sodium glutamate, hydroxypropyl distarch 66.9 

phosphate, caramel, citric acid, potassium sorbate, xanthan gum. 
7 ¥12.7/510g Oyster juice (oyster, water, salt), sugar, salt, sodium glutamate, hydroxypropyl distarch phosphate, 65.5 
disodium 5'-ribonucleotide, yeast extract, caramel, citric acid, potassium sorbate. 
8 ¥25.9/510g Oyster juice (oyster, water, salt), sugar, salt, sodium glutamate, hydroxypropyl distarch phosphate, 50.5 
caramel, citric acid, potassium sorbate. 
9 ¥25.7/510g | Oyster juice, water, sugar, modified starch, brown sugar, caramel, yeast extract, flavoring agents (E631), 45.4 
stabilizing agent (E415). 
10 ¥8.9/ 510g Water, soy sauce (soy bean, water, wheat flour, salt), oyster juice (oyster, water, salt), sugar, salt, sodium 86.1 
glutamate, hydroxypropyl distarch phosphate, caramel, citric acid, potassium sorbate, xanthan gum, 
acesulfame potassium. 
11 ¥ 10.3/510g Soy sauce (soy bean, water, wheat flour, salt), oyster juice (oyster, water, salt), sugar, salt, sodium 57.8 
glutamate, hydroxypropyl distarch phosphate, caramel, citric acid, potassium sorbate, xanthan gum, 5'- 
ribonucleotide. 
12 $49.9/510g Oyster juice (oyster, water, salt), sugar, salt, hydroxypropyl distarch phosphate, 5'-ribonucleotide 62.9 
13 ¥39.9/510g Shajin fresh oyster juice, water, starch, salt, caramel, sodium benzoate. 65.2 
14 ¥54.8/510g No information 67.6 
15 ¥54.9/510g Oyster juice (oyster, water, salt), sugar, salt, wheat starch, caramel, xanthan gum. 58.4 
16 ¥79.8/510g | Oyster juice (oyster, water, salt), sugar, salt, hydroxypropyl distarch phosphate, 5'-ribonucleotide, sodium 61.6 
glutamate 
17 ¥8.9/510g Oyster juice (oyster, water, salt), water, fructose corn syrup, salt, hydroxypropyl] distarch phosphate, 68.4 
sodium glutamate, caramel, wheat flour, xanthan gum, 5’-ribonucleotide, sodium benzoate, potassium 
sorbate. 
18 ¥14.6/510g Oyster juice (oyster, water, salt), water, soy sauce, sugar, salt, sodium glutamate, hydroxypropyl distarch 53.9 
phosphate, caramel, wheat flour, 5’-ribonucleotide. 














* Sample information is not disclosed due to potential conflict of interest. 





2.3.2. Identification and quantification of taurine 

The HPLC system (Agilent 1200, Agilent Technologies) 
equipped with Phenomenex, Luna 5u C18 column (250 mm 
x 4.6 mm, 5 um) and an Agilent 1260 Infinity fluorescence 
detector were used to quantify the taurine in oyster sauce 
samples. 20 nL sample was used for analysis. The excitation 
and emission wavelength of detector were set at 330 and 530 
nm, respectively. Solvent A (10 mmol/L, pH 4.2, sodium 
acetate buffer) and solvent B (acetonitrile) with a ratio of A: 


B = 70:30 (v: v) at a flow rate of 1 mL/min were employed as 


mobile phase. The standard curve of taurine was established 
by employing different concentration of taurine standard 
solutions (1, 2, 5, 10, 20, 50 ppm). 

2.4. HPLC analysis of free amino acids 

2.4.1. Extraction and derivation of free amino acids 

HPLC analysis of free amino acids was carried out according 
to a previously described method with slight modifications 
[16,17]. Briefly, ultrasonic extraction of 1 g oyster sauce was 
carried out with 50 % ethanol for 30 min at 40°C. The 


supernatant was collected and mixed with 10 mL aqueous 
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ethanol solution. The extraction process was repeated twice. 
Then, | mL supernatant was derivatized with 100 pL 
triethylamine acetonitrile and 100 uL PITC solution followed 
by incubation for 1 h at room temperature. Then, 400 pL 
hexane was added and mixed evenly for 2 min. The bottom 
layer solution was collected after 10 min and filtered through 
0.22 um PTFE syringe filter for HPLC analysis. The 
derivation of standard solutions was carried out 
simultaneously with the samples. 

2.4.2. Identification and quantification of free amino acids 
HPLC system (Agilent 1200, Agilent Technologies) 
equipped with Agilent 1200 photodiode array detector and 
Venusil AA C18 column (4.6 mm x 250 mm, 5 um) was 
employed to quantify the free amino acids. The column 
temperature was set at 40 °C and wavelength of detector was 
set at 254 nm. The injection volume was 20 pL. The solvent 
A (10 mM sodium acetate buffer solution (pH 6.5)- 
acetonitrile; 18.5:1.4, v: v) and solvent B (80 % acetonitrile) 
with linear gradient elution at a flow rate of 1 mL/min were 
used as mobile phase. The gradient elution was performed as 
solvent A reduced from 100% to 92% at 0 to 15 min, 92% - 
78% at 15 - 25 min followed by 78% - 64% at 25 - 36 min, 
64% - 0% at 36 - 38 min, 0% at 38 - 43 min, then increased 
from 0% to 100% at 43 - 43.1 min and 100% at 43.1 - 50 min. 
The standard curve was established by using various injection 
volume (1, 2, 5, 10, 20 and 50 pL) of standard stock solution 
of mixed amino acid standard solution (2.5 mM). 

2.5. HPLC analysis of 5'-nucleotides 

Briefly, ultrasonic extraction of diluted oyster sauce (6 g) was 
carried out for 15 min at room temperature followed by 
centrifugation at 10,000 rpm for 10 min and filtration through 
0.22 um PES syringe filter. The HPLC system (Waters, e2695 
Separations Module) equipped with Phenomenex Luna C18 
column (4.6 mm x 250 mm, 5 um) and photodiode array 
detector (Waters 2998) was used for analysis. The column 
temperature was set at 30 C and detection wavelength was set 
at 254 nm. The sample injection volume was 10 wl. An 


isocratic elution mode was applied for the separation with a 


mobile phase 0.01 M potassium dihydrogen phosphate buffer 
(pH 4.68) at a flow rate of 0.8 mL/min for 26 min [11]. The 





standard curve was established by employing different 
concentrations (0.5, 1, 2, 5, 10, 20, 50, 100 ppm) of mixture 
of standard 5'-GMP, 5'-IMP, 5'-AMP and Hx. 

2.6. Statistical analysis 

HPLC analyses of taurine, free amino acids and S'- 
nucleotides were performed in triplicates. The data were 
expressed as mean + standard deviation by applying excel 
2013 (Microsoft, Co., Ltd., Washington, U.S.A.). All data 
were Statistically analyzed by employing One-Way 
(ANOVA) and the significant differences among the mean 
values of different parameters were evaluated by Duncan’s 
multiple range test by SPSS Statistics (25.0, IBM, Armonk, 
NY, U.S.A.). 


3. Results 


3.1 Taurine contents in oyster sauces 

The HPLC chromatograms for taurine standard and sample 
are presented in Figure 1. The taurine standard was eluted at 
6.664 min and the peak for taurine in sample was observed at 
6.732 min. The taurine contents in 18 oyster sauce samples 
are shown in Table 2. The taurine content was calculated 
based on dry weight and wet basis. The taurine values on dry 
basis were two or three times higher compared to the values 
calculated on wet basis. In following section, various 
chemical components of sauce samples were expressed based 
on wet weight. A significant difference (p < 0.05) in the 
taurine contents of oyster sauce samples was observed except 
in case of sample 4, 5, 6 and samples 8 and 18. The highest 
taurine content (550.18 mg/100g) was observed in case of 
homemade oyster sauce sample 14. The taurine content of 
commercial sauces ranging from 452.21 mg/100g in sample 
15 to 7.02 mg/100g in case of sample 3. It is interesting to 
note that the traditionally processed sauce samples 12, 13, 15 
and 16 presented significantly higher amount of taurine 


compared to other commercial samples. 
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Figure 1: A typical HPLC chromatograms of (a) taurine standard and (b) sample. 


Table 2. Taurine content of different oyster sauce products 




































































Sample Taurine (mg/100g wet weight) Taurine (mg/100g dry weight) 
#1 124.36 + 1.03° 256.41 +2.12' 
#2 52.67 + 0.74° 117.30 + 1.65° 
#3 7.02 £0.21° 25.89 £0.77" 
#4 17.72 £0.18" 35.36 + 0.36" 
#5 15.22 +0,39° 45.71 £1.18" 
#6 17.59 + 0.24° 53.13 +0.73° 
#7 148.75 + 2.89® 431.15 + 8.368 
#8 68.01 + 1.454 137,39 +2,92° 
#9 104.07 + 0.63° 190.60 + 1.15° 
#10 ND ND 
#11 20.09 + 0.04° 47.61 +0.08° 
#12 364.63 + 6.72! 982.84 + 18.11 
#13 271.70 £2.77 780.75 + 7.96! 
#14 550.18 + 7.44! 1698.07 + 22.98! 
#15 452.21 + 2.56* 1087.05 +6.15* 
#16 229.41 +4.31" 597.43 + 11.225 
#17 ND ND 
#18 71.90 + 0.704 155.96 +1.514 

















Data are shown as mean + standard deviation (n = 3); Different letters within a column (a-j) represent the statistically significant differences (p < 
0.05) between the mean values. ND, not detected. 
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3.2. Free amino acids contents in oyster sauces 
he HPLC chromatograms of standard amino acids and sauce sample are shown in Figure 2. The molecular weight, linear equation, 


retention time and correlation coefficient (R*) of 13 free amino acids are presented in Table 3. 
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Figure 2: A typical HPLC chromatograms of (a) 13 standard amino acids and (b) sample; 1. Glu, 2. Ser, 3. Arg, 4. Thr, 5. Ala, 6. Pro, 7. Tyr, 8. 
Val, 9. Met, 10. Ile, 11. Leu, 12. Phe, 13. Lys 


Table 3. The linear equation and correlation coefficient (R?) of free amino acids standards 












































Amino acids Molecular weight Retention time Linear equation R’ 
Glutamic acid (Glu) 147.1 4.981 y = 322.79x - 37.803 0.9998 
Serine (Ser) 105.1 9.641 y = 426.38x - 123.13 0.9994 
Arginine (Arg) 174.2 12.792 y = 399.87x - 71.941 0.9997 
Threonine (Thr) 119.1 14.006 y = 334.07x - 42.508 0.9999 
Alanine (Ala) 89.1 14.933 y = 340.9x - 47.584 0.9997 
Proline (Pro) 115.1 15.900 y =771.01x + 38.84 0.9993 
Tyrosine (Tyr) 119.1 24.438 y = 549.54x - 123.53 0.9996 
Valine (Val) 117.1 26.298 y = 493.84x - 80.201 0.9999 
Methionine (Met) 149.2 27.624 y = 468.14x - 76.51 0.9998 

Isoleucine (Ile) 131 30.708 y = 646.88x - 96.986 1 

Leucine (Leu) 131.2 31.156 y = 437.58x - 67.09 0.9997 
Phenylalanine (Phe) 165 33.436 y = 608.99x - 102.77 0.9999 
Lysine (Lys) 146.2 35.984 y = 900.32x - 277.82 0.9991 
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Glutamic acid was the first amino acid to elute at 4.986 min 
and lysine was the last to elute at 35.973 min. The R? of 
calibration curves were ranged from 0.9991 to 1. The free 
amino acids were classified as umami amino acid, sweet 
amino acids and bitter amino acids (Table 4 and 5). The 
average amount of glutamic acid was found to be the highest 
(754.66 mg/100g) followed by alanine (97.71 mg/100g), 
leucine (38.18 mg/100g), lysine (24.61 mg/100g) 

Valine (21.35 mg/100g), phenylalanine (20.5 mg/100g), 
isoleucine (20.08 mg/100g), proline (19.69 mg/100g), 
threonine (19.27 mg/100g), serine (14.07 mg/100g), arginine 
(13.39 mg/100g), tyrosine (10.4 mg/100g), and methionine 


(8.06 mg/100g). The average amount of umami amino acid 





was 246.22% higher compared to the average of sum of other 
amino acids found in 18 oyster sauces. The proline and 
alanine contents in homemade oyster sauce were higher than 
the average amounts present in commercial oyster sauces. 
However, other amino acids were present in higher quantity 
in commercial oyster sauces. The percentage contents of 
umami amino acids, sweet amino acids and bitter amino acids 
in homemade oyster sauce were 50.78%, 38.66% and 
10.55%, respectively. Whereas the commercial sauces exhibit 
72.41% of umami amino acid, 15.62%of sweet amino acids 


and 11.97%of bitter amino acids. 


Table 4. Umami and sweet amino acids contents in oyster sauces 



















































































Sample Sweet amino acids (mg/100g) Umami amino | Total amino acids 
acid (mg/100g) (mg/100g) 
Ser Thr* Ala Pro Lys* Glu 

#1 ND ND 25.38 + 0.40' 7.45 + 0.084 9.38 + 0.06" 1215.8 + 13.6 1319 + 14.55! 
#2 ND ND 20.13 + 0.19° 3.99 + 0.18° 9.53 £0.05 934.7 + 8.9! 996.70 + 9.46° 
#3 ND 24.61+0.184 | 15.11 40.444 2.21 +0.21° 23.21 + 0.12% 938.9 +41! 1106.36 + 3.78 
#4 5.95+0.28° | 76.4141.51' | 7.6440.39° ND 11.68 £0.05¢ | 1338.1 +81.5' 1475.09 + 79.74! 
#5 5.34 + 0.10* 28.22 £0.49 | 9.89 + 0.08% ND 7.77 £0.03” 839.1 + 39.1" 932.74 + 37.83° 
#6 4.89 + 0.02 21.11 40.11" | 12.75 +0.10% 0.16 + 0.013* 7.08 + 0.02? 777.1 + 8.08 864.37 + 7.304 
#7 12.39 +0.16° ND 121.16 1.28) 3.89 + 0.04° 16.50 + 0.17° 661.4+9.1' 927.43 +12.51° 
#8 20.59 + 0.074 ND 88.26 + 0.26! 6.97 + 0.054 23.97 + 0.03 560.1 + 2.4° 893.62 + 2.65% 
#9 17.95 £0.02° | 160.71 +0.478 | 49.91 + 0.07® 1.82+0.01° 11.34 + 0.01°4 17.2 + 0.04* 349.19 +1.31° 
#10 ND ND 2.35+ 0.03* ND 6.82 + 0.05* 265.8 +5.1° 288.01 +5.11° 
#ll 34.19+0.408 | 23.51+0.08° | 129.6 +0.27* 33.52 + 0.188 69.15 + 0.80) 858.7+12.4 1410.75 + 15.64)* 
#12 25.35 + 0.66° ND 260.06 + 6.08" | 87.39 + 0.53* 46.38 + 1.4! 658.1 + 16.2° 1375.82 + 30.93%" 
#13 ND ND 143.48 + 0.19! 27.08 + 0.03 | 10.59 +0.04 “4 985.1 + 3.4! 1232.21 + 3.95" 
#14 ND ND 225.06 + 38.14+0.56 21.83 + 0.24' 413.8 + 7.6° 784.87 + 11.49° 
#15 ND ND oe 2.78? 17.84 +0.11° 37.88 + 0.40" 467.7 + 8.34 942.45 + 11.57% 
#16 30.48 + 1.18° ND 267.10 +2.09° | 62.98 + 0.62! 37.29 +0.51" | 765.28 +23.618 1415.92 + 32.318 
#17 ND ND 20.52 + 0.07° ND 8.30 + 0.04 1264.62 + 8.31* 1366.1 + 8.773 
#18 95.92+3.44" | 12.27+0.43° 70.26 + 3.0" 60.99 + 0.53! 84.27 + 3.385 622.3 +21.9' 1434.52 + 46.30*! 





























Data are shown as mean + standard deviation (n=3); Different letters within a column (a-p) represent the statistically significant differences (p < 
0.05) between the mean values; ND, not detected; Ser, Serine; Thr, Threonine; Ala, Alanine; Pro, Proline; Lys, Lysine; Glu, Glutamic acid; 


*Essential amino acids. Total free amino acids: the summation of 13 free amino acids. 
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The glutamic acid content of homemade oyster sauce (413.8 
mg/100g) was relatively lower compared to the most of 
commercial sauces. The commercial oyster sauces exhibit 
significant variation in glutamic acid ranging from 17.2 
mg/100g in sample 9 to 1338.1 mg/100g in case of sample 4. 


The highest amount of threonine and alanine were detected in 


sample 9 (160.71 mg/100g) and sample 15 (289.98 mg/100g), 





respectively. Whereas, the highest amount of proline (87.39 
mg/100g) and tyrosine (34.49 mg/100g) were observed in 
case of sample 12. It is interesting to note that sample 18 
contain the highest amount of serine, arginine, valine, 


methionine, isoleucine, leucine, phenylalanine and lysine. 


Table 5. Bitter amino acids contents in oyster sauces 




















































































































Bitter amino acids (mg/100g) 
Sample Arg Tyr* Val* Met* Tle* Leu* Phe* 

#1 ND 3.68 + 0.07 5.84 + 0.06° ND 17.51 +0.33° 29.94 + 1.078 4.08 + 0.067 
#2 5.48 + 0.05* 3.28 + 0.04% 3.45 + 0.08" 2.99 + 0.04? 3.31 40.04" 6.08 + 0.15° 3.68 + 0.03* 
#3 14.57 +1.2° 9.62 +0.10' 14.99 + 0.18 5.81 +0.10° 16.19 + 0.14 26.84 + 0.628 14.22 + 0.154 
#4 ND 6.91 + 0.07% 2.79 + 0.09” 2.98 + 0.03? 5.02 +0.15° 12.53 + 0.60° 5.06 + 0.09° 
#5 6.86 + 0.44* 3.72 + 0.07% 4.89 + 0.07% 3.14 +0.03* 4.42 +0.12” 14.37 + 0.35% 5.08 + 0.04* 
#6 6.71 + 0.05* 3.92 + 0.09° 4.28 + 0.06% 2.81 + 0.04? 4.14+0.05” 15.47 + 0.80% 4.05 + 0.057 
#7 36.12 + 0.5° 9.10 +0.19f 13.09 + 0.28° 6.94 + 0.13° 11.17 £0.19° 26.75 + 0.878 8.15 +0.04% 
#8 34.12 + 0.24 14.14 + 0.028 30.81 + 0.38) 13.38 +0.11° 23.72 + 0.03! 55.42 + 0.34! 22.17 + 0.30' 
#9 28.19 +0.1° 7.82 £0.17° 12.06 + 0.13' 5.79 + 0.33° 8.91 + 0.024 18.27 +0.34% 9.18 +0.14° 
#10 5.62 + 0.04* 2.79 + 0.03* 1.95 + 0.02 ND ND 2.69 + 0.05? ND 

#11 ND 7.85 + 0.08° 55.44 + 0.57™ 15.86 + 0.07' 56.20 + 0.55! 96.32 + 0.42 30.43 + 0.398 
#12 ND 34.49 + 0.44) 53.73 + 1.34! 17.94 + 0.45 50.22 + 1.24* 89.32 +2.81 52.87 + 0.81! 
#13 ND 7.02 +0.174 17.58 + 0.24" 9.12 + 0.46° 7.73 £0.04° 16.99 + 0.40% 7.55 £0.36 
#14 ND 9.31 + 0.08' 17.66 £0.51" 6.75 +0.31° 12.63 +0.12° 21.09 + 0.28' 18.56 + 1.25° 
#15 ND 13.59 + 0.198 24.85 + 0.27 11.57+0.144 23.82 + 0.58! 37.40 + 1.03" 17.81 41.14 
#16 ND 26.59 + 0.93! 50.30 + 0.92* 19.67 + 1.44" 44.19 £0.19 71.82 + 3.44) 40.22 + 0.17 
#17 ND ND ND ND ND 13.93 0.37% 58.73 + 1.14” 
#18 102.98 +3.0' | 23.43 + 0.50" 70.51 £1.96" 20.22 + 1.77" 72.21 + 1.77™ 131.96 + 4.02™ 67.14 + 1.94* 




















Data are expressed as mean + standard deviation (n=3); Different letters within a column (a-n) represent the statistically significant differences (p 


< 0.05) between the mean values; Arg, Arginine; Tyr, Tyrosine; Val, Valine; Met, Methionine; Ie, Isoleucine; Leu, Leucine; Phe, Phenylalanine; 





ND, not detected; *Essential amino acids. 


3.3. 5'-Nucleotides contents in of oyster sauces 

The HPLC chromatograms of 5'-nucleotides standards and 
samples are presented in Figure 3. 5'-GMP (9.584 min) was 
the first nucleotide to elute followed by 5'-IMP (10.697 min), 
Hx (12.824 min) and 5'-AMP (22.847 min). 

The linear equations and correlation coefficients of standard 
5'-nucleotides are shown in Table 6. The correlation 
coefficient of standard5'-nucleotides were ranged from 
0.9993 to 1. A significant difference was observed in all 5'- 
nucleotides under 


content of oyster sauce samples 


investigation. The homemade sauce (sample 14) contain was 
5.46 mg/100g of 5'-GMP, 5.72 mg/100g of 5'-IMP and 6.09 
mg/100g of Hx. However, 5'-AMP was not observed in 
sample 14. Significant variation was also observed among the 
nucleotide contents of commercial oyster sauces. The highest 
content of 5'-GMP (172.52 mg/100g) and 5'-IMP (204.22 
mg/100g) was observed in sample 4. Whereas the highest 
amount of Hx (17.79 mg/100g) and 5'-AMP (18.44 mg/100g) 
were observed in case of sample 12 and sample 7, 


respectively. In addition, the lowest amount of 5'-GMP 
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(0.28 mg/100g), 5'-IMP (1.20 mg/100g), Hx (0.63 mg/100g) 
and 5'-AMP (1.34 mg/100g) were found in sample 1, 3, 6 and 
5, respectively. However, 5'-nucleotides were not found in 


sample 10. The average value of 5'-GMP (41.60 mg/100g) 


and 5'-IMP (50.70 mg/100g), was observed to be significantly 





higher compared to the average value of Hx (4.47 mg/100g) 
and 5'-AMP (4.22 mg/100g). 
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Figure 3: A typical HPLC chromatograms of 5’-nucleotides in standard (a) and sample (b). 


Table 6. The linear equation and correlation coefficient (R?) of nucleotide standards 





























Nucleotides Retention time Linear equation R? 
5'-GMP 9.584 y= 20134x + 4911.5 0.9998 
5'-IMP 10.697 y= 14644x + 5447.8 0.9993 
Hx 12.824 y= 59550x + 2864.9 1.0000 
5'-AMP 22.847 y= 20833x + 16480 0.9991 











5'-GMP, 5'-guanosine monophosphate; 5'-IMP, 5'-inosine monophosphate; 5'-AMP, 5'-adenosine monophosphate; Hx, hypoxanthine. 


4. Discussion 


4.1. Taurine profile in oyster sauces 

Taurine, a free amino acid, exhibit various biological 
functions and available in oyster in significant amount. 
Taurine is vital for brain development and reported to present 
cytoprotection. It acts as an organic osmolyte associated with 
cell volume regulation [7] by providing compounds for the 
synthesis of bile salt [18]. The HPLC pre-column derivation 


of taurine by dansyl chloride resulted in high-resolution peak 


and accurate analysis of this compound. In this study, 
homemade oyster sauce presents higher amount of taurine 
compared to the commercial samples. A_ significant 
difference in the taurine content was also observed among all 
the samples except sample 4, 5, 6 and 11. The potential 
variation in these values may be due to difference in 
processing technologies and raw materials. Generally, 
fermentation or proteolysis is applied to produce oyster sauce. 


Previously, researchers have mentioned stable taurine content 
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during different fermentation periods [2]. Therefore, the 
variations in the taurine content of oyster sauces may be 
attributed to the oyster species or total amount of oyster used 
as a raw material for preparation and processing. In case of 
sample 10 and 17, taurine content was not detected even after 
increasing the sample weight. The potential reason behind 
this may be the loss of taurine while processing or most 
probably due to the replacement of oyster extract with other 
ingredient or additives. The oyster sauce sample 14, 15 and 
12 are found to be rich sources of taurine. 

4.2. Free amino acids profile in oyster sauces 

HPLC pre-column derivation by PITC leads to high accuracy 
and resolution of peaks in chromatograms. Amino acids are 
reported to be responsible for the unique taste of oyster sauces 
[11]. Three types of taste amino acids namely, umami, sweet 
and bitter amino acids were detected in this study. The total 
free amino acids content in homemade oyster sauce was 


lower compared to its mean value in commercial sauces while 
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proline and alanine contents in homemade sauce were higher. 





The highest amount of total free amino acids was observed in 
sample 4. Besides, sample 11, 12, 13, 16 and 17 also present 
significantly higher amounts of total free amino acids. 
Whereas sample 10 presented the lowest amount of total free 
amino acids. 

The percentage compositions of umami, sweet and bitter 
amino acids observed in different oyster sauces are shown as 
Figure 4(a). Previous studies suggested that umami taste of 
the sauce is due to the presence of glutamic acid, the sweet 
taste is contributed and threonine, while arginine, tyrosine, 
valine, methionine, isoleucine, leucine and phenylalanine are 
responsible for the bitter taste of oyster sauce, fish sauce and 
seafood [1,10,11]. Amino acids are also reported to exhibit 
synergistic effect on taste along with other compounds. [18] 
reported an enhancement in umami flavor of sodium chloride 
and monosodium glutamate in presence of phenylalanine and 


tyrosine. 
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Figure 4: Profiles of oyster sauces (a) presenting percentage distribution of umami, sweet and bitter amino acids in oyster sauces (b) the amounts 


of essential, non-essential amino acids and glutamic acids in oyster sauces 
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Glutamic acid, responsible for umami taste, was found to be 
a predominant free amino acid in both commercial and 
homemade oyster sauces. The average percentage 
distribution of glutamic acid among 18 oyster sauces in total 
free amino acids was observed to be 71.1%. However, 
previous studies have reported much lower glutamic acid 
percentage composition of free amino acids in raw oyster 
(25.8%) and fermented oyster (24.4%) compared to present 
study [2,18]. The high percentage distribution of glutamic 
acid possibly due to the addition of monosodium glutamate 
(MSG) in oyster sauce that react with PITC due to its 
structural similarity with glutamic acid. 

The percentage distribution of umami amino acid in sample | 
to 6 and in sample 10, 13 and 17 was higher than 80%. In case 
of other samples, except sample 9, the percentage distribution 
of umami amino acid varies from 40% to 70% (Figure 4a). 
Generally, the distribution of sweet amino acids was slightly 
higher compared to the bitter amino acids. It is interesting to 
note that the percentage composition of sweet amino acids in 
sample 9 was much higher compared to the umami amino 
acids. The lower amount of glutamic acid in sample 9 may be 
due to the replacement of MSG with disodium inosinate 
(E631) as a flavoring agent, while the high percentage 
composition of sweet amino acids and bitter amino acids in 
oyster sauce might be affected by the selection of raw 
material (oysters) and addition of yeast extract. 

Essential amino acids namely, threonine, tyrosine, valine, 
methionine, leucine, isoleucine, phenylalanine and lysine are 
vital for maintaining biochemical functions in human body. 
Dietary intake of these amino acids is necessary as human 
body can’t synthesize them in sufficient quantity [20]. The 
amounts of essential amino acids, non-essential amino acids 
and glutamic acid in sauce samples are presented in Figure 
4(b). Glutamic acid was reported individually rather than 
being mentioned along with non-essential amino acids 


because its content might be interfered by the MSG. The 


sample 18, 11, 12 and 16 found to be a good source of 





essential amino acids, whereas sample 17 present the lowest 
levels of essential amino acids. However, sample 2 and 10 
present least amounts of essential amino and sample 4, 13 and 
17 exhibits the highest amount of non-essential amino acids. 
Overall, the highest amount of total amino acid (1475.09 
mg/100g) was observed in case of sample 4, whereas the 


lowest amount (288.01 mg/100g) was found in sample 10. 


4.3. 5'- Nucleotides profile in oyster sauces 

Nucleotides such as 5'-GMP, 5'-IMP and 5'-AMP reported to 
significantly contribute towards the umami taste and flavor of 
sauce [11]. In particular, 5'-GMP and 5'-IMP responsible for 
the meaty flavor of food product [21]. Besides, imparting 
umami taste in oyster, 5'-AMP is also responsible for the 
sweet taste along with suppressing the bitter flavor of seafood 
products [11,12] whereas, Hx is responsible for the bitterness 
to food [11]. 

As shown in Table 7, 5'-GMP and 5'-IMP were the 
predominant nucleotides in oyster sauces. Whereas samples 
under investigation contain less amount 5'-AMP and Hx were 
compared to 5'-GMP and 5'-IMP. Thus, the umami taste of 
oyster sauces was mainly contributed by 5'-GMP and 5'-IMP. 
The higher amounts of 5'-GMP and 5'-IMP were found in 
sample 4, 7, 8 and 18, while these compounds were not 
detected in sample 2, 3 and 10. Hx was not available in 
sample 10 and 17, whereas other samples presented a small 
amount of Hx. 5'-AMP was detected in only 9 oyster sauce 
samples. 5'-Nucleotides contents in homemade oyster sauce 
were significantly lower compared to the commercial 
samples except sample 15. Moreover, significant differences 
in the 5'-nucleotides were also observed among commercial 
oyster sauces. Overall, sample 4 present the highest total 
nucleotides contents. However, nucleotides were not detected 
in sample 10. The potential factors responsible for the 
variation in 5'-nucleotides content may be the differences in 


the processing techniques and selections of oyster spices. 
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Table 7. 5'-Nucleotides contents in different oyster sauce products 




























































































Sample GMP(mg/100g) IMP(mg/100g) Hx(mg/100g) AMP(mg/100g) Total5'-Nucleotides 
(mg/100g) 
#1 0.28 + 0.002" ND 3.02 + 0.03° ND 3.30+1.47" 
#2 ND ND 0.99 + 0.05° ND 0.99+0.50" 
#3 ND 1.20 + 0.08 0.83 + 0.06" ND 2.03+0.612 
#4 172.52 42.37) 204.22 + 2.993 1.16 +0.08° 3.26 +0.07° 381.16+108.26? 
#5 57.44 + 1.368 66.83 + 2.65° 0.94 + 0.02° 1.34 + 0.028 126.55435.42« 
#6 61.34 +3.615 66.01 +0.54° 0.63 + 0.01 2.84 +0.15° 130.82435.82 
#7 127.80 +1.22* 177.38 + 1.18! 6.85 + 0.082 18.44 + 0.278 330.47+83.432 
#8 95.82 + 2.18) 94.84 + 3.615 3.05 + 0.29° §.77 £027" 199.48+52.51! 
#9 19.06 + 0.214 24.01 + 0.164 2.56 + 0.21° ND 45.63+11.91° 
#10 ND ND ND ND ND 
#11 17.43 + 0.298 20.45 + 0.38° 4.97 + 0.20° ND 42.8549.79° 
#12 43.77 + 0.53° 68.35 + 1.05° 17.79 + 0.33" 13.63 + 0.382 143.54425.42¢ 
#13 19.07 + 0.604 22.68 + 0.90% 3.82 + 0.084 6.82 + 0.324 52.3949.18° 
#14 5.46 + 0.25" 5.72 +0.41° 6.09 + 0.40! ND 17.2742.89° 
#15 1.85 +0.15° 1.43 + 0.04" 1529 122 ND 18.5747.14° 
#16 34.62 + 0.15° 45.54 + 1,53° 7.41 + 0.28% 12.80 + 0.72! 100.37418.01¢ 
#17 13.72 £0.32° 22.96 + 0.43% ND ND 36.68+11.24b° 
#18 78.59 + 1.75! 91.38 +3.128 5.08 + 0.24° 10.99 + 0.29° 186.04+44.80" 




















Data are expressed as mean + standard deviation (n=3); Different letters within a column (a-k) represent the statistically significant differences (p 


< 0.05) between the mean values; 5'-GMP, 5'-guanosine monophosphate; 5'-IMP, 5'-inosine monophosphate; 5'-AMP, 5'-adenosine 


monophosphate; Hx, hypoxanthine; ND, not detected. 


4.4. Potential improvements 

Except for glutamic acid, the potential reasons behind the 
lower amounts of total free amino acids of samples are poor 
fermentation, selection of raw materials, amounts of oyster 
used and processing methods. For instance, the traditional 
processing method that involves the concentration of oyster 
juice or oyster broth by employing moderate boiling was 
applied in homemade oyster sauce [1]. Fermentation was not 
involved in this process that protects the protein present in 
oyster sauce from degradation. The homemade oyster sauce 
and several commercial oyster sauces namely, sample 12, 13, 
15 and 16 revealed the application of traditional processing 
method in the preparation of these samples. The finding of 
this study proved the claim of employing traditional methods 
for preparing these sauce samples. However, majority of the 
commercial oyster sauces were prepared by employing a 
small amount of oyster extracts with poor fermentation, 
addition of salt, sugar, flavoring agents and stabilizing agents 


that, in turn, result into a reprocessed oyster sauce [1]. For 


instance, in case of sample 10, taurine, 5'-nucleotides and 
majority of free amino acids were not found which indicate 
that this product is prepared by a combination of various 
additives. Some of the commercial oyster sauces were 
economically affordable but consumers have to compromise 
with the quality. For quality improvement of such products, 
manufactures should focus on the selection of better raw 
products. 

Furthermore, several potential improvements in the design of 
experiment can also be employed. The present study was 
designed to identify and quantify 17 free amino acids. For the 
same, initially, mixture of 17 amino acids standards was used, 
but four amino acids namely, aspartic acid, glycine, histidine 
and cystine were not considered. Later, the results of only 13 
amino acids were reported. Aspartic acid was well separated 
from the mixture of standard solution, but its retention time 
was not stable. Whereas, the peaks of glycine and histidine 
were overlapped at lower concentration but both amino acids 


were very well separated at higher concentration. In case of 
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cystine, the peak can only be detected within certain time 
range after derivation that may be attributed to the instability 
of cystine-PITC derivative. The contents of glutamic acid 
might be representing the amounts of both MSG and glutamic 
acid as PITC can’t distinguish between these two compounds 
due to their structural similarity. Furthermore, composition 
and gradient of mobile phases can be optimized [22] for 
detection of aspartic acid, glycine and histidine, alteration in 
the derivating agent can be done for analyzing cystine and the 
amino acid analyzer can be employed for analyzing glutamic 
acid [21]. In case of 5'-nucleotides, the peak for 5'-AMP was 
not as sharp as observed in case of other nucleotides. The 
peak for 5'-AMP can be improved by changing the mobile 
phases composition and elution gradient [22]. 

Sensory evaluation can be conducted for the verification of 
taste and flavor contributed by non-volatile components in 
oyster sauces. Previous studies suggested that synergistic 
effect of free amino acids and 5'-nucleotides enhance the 
umami taste and mask the bitterness contributed by valine and 
hypoxanthine [11,21,23]. The synergistic effect of these 
compounds can also be evaluated by the sensory evaluation 
of oyster sauces. Furthermore, monosodium glutamate 
equivalent (EUC), the amount of monosodium glutamate 
required for contributing the same umami intensity, can be 
also used to measure the synergistic effect between free 
amino acids and 5'-nucleotides [11, 21]. The value is 
calculated by employing the concentration of umami amino 
acid and 5'-nucleotides in sample. The calculation of EUC 
was not used in this study as the glutamic acid content might 
be presenting MSG and unconfirmed contents of aspartic 
acid. EUC calculation can be mentioned in the future study 


by calculating precise glutamic acid and aspartic acid content. 


5. Conclusions 

In present study, taurine, thirteen free amino acids and four 
5'-nucleotides in 18 commercial and homemade oyster sauce 
samples were identified and quantified. Significant 
differences were observed in the taurine, free amino acids and 
5'-nucleotides of 18 oyster sauces. The higher amount of 
taurine was observed in case of sauce samples processed by 
condensation of oyster juice or oyster broth. Umami amino 


acid contributed towards the major proportion of total free 


amino acids, while the percentage of sweet amino acids were 





slightly higher compared to the bitter amino acids except in 
case of sample 9. Sample 11, 12, 16 and 18 were found to be 
a good source of essential amino acids. Among 5' - 
nucleotides, 5'-GMP and 5'-IMP were the major contributors 
towards the umami taste of oyster sauces. It was also 
observed that several commercial oyster sauces are composed 
of chemical additives rather than using oyster extract. 
Whereas, some of the commercial oyster sauces were 
consistent with the claims of being processed by using 
traditional method. Furthermore, several potential 
improvements in the design of experiments and methods were 
discussed that must be considered in future studies in this 
field. 
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